We argue on the basis of symmetry selection rules and Raman scattering spectra that NaV 2 O 5 undergoes a charge ordering phase transition at T c =34 K. Such a transition is characterized by the redistribution of the charges at the phase transition and corresponds to the change of the vanadium ions, from uniform V 4.5+ to two different V 4+ and V 5+ states. In the low temperature phase the V 4+ ions are forming a "zig-zag" ladder structure along the b-axis, consistent with the symmetry of the P2/b space group. 
c) T c is only weakly dependent on an applied magnetic field [1] . NaV 2 O 5 is believed to be the perfect realization of a quarter-filled low-dimensional system, with a possible charge ordering into a geometrical configuration of the charges with a spin-excitation gap [2] [3] [4] [5] [6] [7] [8] . Such a scenario is supported by structural analysis [3] , nuclear magnetic resonance (NMR) [4] , and Raman scattering experiments [5] . These studies showed that the V-ions are equivalent at room temperature, and in an intermediate valence state V 4.5+ . On the other hand, such a situation seems to disagree with the excellent fit of a Bonner-Fisher curve to the magnetic susceptibility [1] . An explanation of these facts was
proposed by Horsch and Mack [6] who showed that due to the strong electron correlations the formation of the Heisenberg antiferromagnetic chains are still possible even without charge modulation.
Low temperature NMR spectra [4] suggested that the V-ions change their valence from uniform to alternating V 4+ and V 5+ , thus giving the first direct evidence for the charge ordering scenario. So far, two different models for the electronic ordering have been discussed.
One is described as "in-line" [7] , with V 4+ ions arranged along the legs of the ladders (baxis) whereas the other consists of V 4+ ions arranged in a "zig-zag" manner along the b-axis [8, 9] . The first one requires an additional transition, such as an ordinary SP transition, for the opening of the spin-gap. For the second one it is argued that the spin-gap appears due to "zig-zag" ordering itself [9] . However, in both cases, the driving mechanism for the transition as well as the crystal symmetry have not been elucidated.
In the Raman spectra the charge ordering manifests itself through the appearance of the new Raman active modes whose origin is still not understood [10] [11] [12] . In general, the full understanding of the vibrational Raman spectra requires knowledge of the crystal structure.
In the case of NaV 2 O 5 this information is not available (see note at end). Still, in some cases it is possible to perform the analysis of the crystal symmetry starting from Raman spectra. Here, we will show that such analysis, with the help of IR spectra, allow us to make a plausible conjecture the low-temperature space group of NaV 2 O 5 .
The measurements were performed on single crystals, with a size of approximately 1x3x1 mm 3 in the a, b, and c axis, respectively, prepared as described in [1] . 
Our previously reported room temperature Raman and IR spectra [5] confirmed two important consequences of this symmetry analysis: 1. The mutual exclusion of the Raman and IR active modes (corresponding to the existence of a center of inversion). 2. Good agreement between observed and predicted number of modes for each polarized configuration.
In Fig. 2 we present the first complete Raman spectra of a NaV 2 O 5 single crystal at room temperature and at T=10 K in all inequivalent polarized configurations. Some new modes that become active below the phase transition temperature T c =34 K, are appropriately marked in the graph. The full list of Raman actuve modes, below and above the phase transition temperature, together with the IR data of Damascelli et al. [13] is given in Table   1 . The low-temperature modes are assigned either to magnetic exitations (66, 106 and 132 cm −1 , magnetic bound states) or to phonon folded modes due to the supersymmetry [11] .
The origin of the continuum-like features (the most intense ones observed in aa and ab spectra) has not been elucidated and will not be discussed here. However, it is interesting 3 that most of the low-temperaure modes appear either in the (aa), (bb), (cc) and (ab) -polarized configurations or in the (ac) and (bc) configurations. The frequencies of these modes are marked in the shaded regions of Table 1 . This is a rather important property of the crystal symmetry at low-temperatures. The second piece of information for determining the possible crystal symmetry comes from the low temperature IR spectra. Damascelli et al. [13] observed many equal or nearly equal frequencies for E||a and E||b (see Table 1 ).
Moreover, we did not find any modes with the same energy in the Raman and IR spectra.
These experimental facts lead to the following conclusions for the low-temperature crystal symmetry. 1. There exists a center of inversion. 2. The crystal symmetry must be lower than orthorhombic. At this point we can already conjecture that the factor group (i.e. the point group) symmetry is C 2h .
Let us now look for the possible charge ordering patterns which are consistent with the symmetry properties described above. The first one we considered, the "in-line" charge ordering pattern, is ruled out immediately since it does not have a center of inversion as a symmetry operation. For "zigzag" charge ordering we found two possible patterns. These patterns, together with their symmetry operations are shown in Fig. 3 and Fig ). The other zig-zag pattern called "zz2" (see Fig. 4 ) has, instead of the rotation C 2 , a screw axis C 2 along the a-axis. In this "zz2" case the corresponding space group is P2 1 /a (C 5 2h ). In both cases the unit cell is twice larger than for the room temperature phase and comprises four molecules. The site symmetry of all atoms is C 1 since only C 1 can accommodate four atoms in both C ). This space group, with a unit cell shown in Fig. 3 explains the doubling of the unit cell along a and b directions observed in the x-ray data [16] . Quadrupling of the low-temperature unit cell along the c-axis appears because of the four possible zz1 arrangements in the (ab) plane. In fact, we derive the irreducible representations of the NaV 2 O 5 vibrational modes of the C ). However, the number of modes observed in our Raman spectra indicate the dominance of the layer symmetry. Still, the proper monoclinic unit cell does not correspond to the one depicted in Fig. 3 and one needs to introduce additional distortions of the cell. Most likely, these distortions correspond to vanadium V 4+ ion displacements along the ab direction because of the Coulomb repulsion. Such atomic displacements are indicated in Fig. 3 by arrows. We shall discuss later the relevance of such distortions to the magnetic properties of NaV 2 O 5 .
The "zig-zag" charge ordering configuration naturally imposes the antiferromagnetic "dimer" pattern along the ab direction [8] . However, Hartree-Fock calculations showed that the "zig-zag" charge ordering in NaV 2 O 5 is driven by intersite Coulomb interaction, with the result not being sensitive to the exact value of the hopping integral t xy [8] . Therefore the formation of the "dimers" along the ab direction is not obvious. We also know from the work of Gros and Valentí [17] that "zig-zag" charge ordering explains the splitting of the magnon dispersion branch along the a-axis [18] . Unfortunatelly, in their model the modulation of the exchange integral along the b-axis, which is essential for the opening of the spin gap, is introduced by hand, without detailed explanation. In any case, the spingap behavior in the magnetic susceptibility measurements can be understood within the framework of the spin-singlet formation, but with the corresponding state not being the SP state. Therefore, the comparison of 2∆/k B T c to the corresponding values for other SP compounds is irrelevant. Our analysis of the NaV 2 O 5 crystal structure suggests that the crystal space group symmetry P2/b, together with the distortion pattern shown in Fig. 3 , leads to the alternation of the exchange integral along the b-axis and directly supports the model of Gros and Valentí if one assumes small interladder exchange coupling (J 1 and J 2 are exchange constants along the ladders while J 3 represents the interladder exchange). In this case "dimers" are formed in the b-direction and magnetic dynamics should be analyzed using a 1D dimerized Hamiltonian with frustration. If one assumes the opposite case for the distortions, i.e., movement of V 4+ towards each other, which is also consistent with the proper monoclinic unit cell, one is led to the solution of Seo and Fukuyama [8] , with large t xy . In order to resolve this puzzle precise low temperature x-ray measurements are needed.
In conclusion, on the basis of symmetry selection rules and Raman scattering spectra Note added: After completion of this work an analysis of the low-temperature NaV 2 O 5 crystal structure, using synchrotron radiation x-ray diffraction, appeared in [19] . The authores found that a centrosymmetric average structure persists down to 15 K, with a modulation pattern described by an acentric Fmm2 superstructure. However, the conclusions are inconsistent with our optical data which clearly show the existence of Raman tensors that are characteristic for the monoclinic symmetry. The explanation may lie in the fact that they also found a few reflections in x-ray spectra obeying C centering which they did not consider in details. 
